Single particle reconstructions derived from electron micrographs yield increasing detail of biological molecules and assemblies. However, it is well-known that alignment of pure noise images against a reference can recover that reference on reconstruction [1] . The question is how to distinguish a reconstruction from noise from one from legitimate particle images. Figure 1A shows the estimated resolutions of reconstructions from projection images with defined signal-to-noise ratios (SNR imp ). Comparison with reconstructions from aligned gaussian noise images provides a lower bound for the SNR that can be tolerated (open circles in Figure 1A ). Increasing the number of images suppresses noise, giving a relationship between the product of SNR with the number of images and the resolution obtained ( Figure 1B) . Therefore, given the number of images contributing to a reconstruction with a defined SNR, and considering alignment errors (see below), a particular resolution should be expected. Any excess in images used in a reconstruction may signal validity issues.
While the results in Figure 1 are suggestive, a better modeling of the relationship between reconstruction quality and the relevant influences has been developed [2] [3] [4] and is used here with some modifications. The SSNR (spectral SNR) of the reconstruction at a reciprocal voxel-distance of k is a function of the number of images used, n p , the symmetry order, n s , the average signal-to-noise ratio in the images, and deviations in rotational (view) and translational alignment,  v and  t , respectively:
where D is the size of an image (edge length in pixels). The Fourier shell correlation is calculated as:
A reasonable correspondence was found using these equations for reconstruction from noise-imposed images with perfect alignment (Figure 2A ). The coefficients for rotational and translational alignment were evaluated from the FSC curves of reconstructions from noise-free images with imposed alignment errors ( Figure 2B) . Application of this model to real cases requires the determination of the SNR in images and an accurate estimate of the errors in alignment. While difficult, it should be possible to get approximations that would allow the development of a tool for validation. 
